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D etermination of major compounds in sweet wines by headspace
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Abstract

Headspace solid-phase microextraction (HS-SPME) was studied by high resolution gas chromatographic analysis of major
compounds (ethyl acetate, methanol, 1-butanol, 2-butanol, 1-propanol, isobutanol, 2-methyl-1-butanol and 3-methyl-1-
butanol) in sweet wines. Five different SPME fibres were tested and the influence of different factors such as temperature
and time of desorption, extraction time, stirring, sample and vial volume, sugar and ethanol content were studied and
optimized using model solutions. The SPME method was validated with the direct injection method. The proposed
HS-SPME–GC method is an appropriate technique for the quantitative analysis of the mentioned analytes in real sweet
wines.
   2003 Published by Elsevier Science B.V.
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1 . Introduction compounds are ethyl acetate, methanol, and higher
alcohols.

Wines contain about 800 different volatile com- Methanol is originated as a consequence of the
pounds belonging to different chemical families such hydrolysis of pectines present mainly in grape skin
as alcohols, ketones, aldehydes, esters, lactones, etc. [2]. The methanol is important because of its tox-
[1]. Most of them appear during fermentation pro- icological properties. The maximum amount legally

21cesses and their concentrations vary over a wide allowed in wines is 500 mg l . Ethyl acetate is the
range. The main technique to analyse these com- most abundant ester in wines and is produced by the
pounds is gas chromatography (GC). The quantifica- yeast during the alcoholic fermentation and by the
tion of minor compounds needs a prior concentration acetic bacteria metabolism. High amounts of ethyl
step, while major compounds can be analysed by acetate can be considered to be a symptom of wine
direct injection of wine sample. Among these major spoil. When the content in ethyl acetate exceeds 200

21mg l , the organoleptic characteristics typical of
acetic acid appear [2]. The process is influenced by*Corresponding author. Tel.:134-922-318-036; fax134-922-
several factors such as pH, content and source of318-003.

´E-mail address: jperez@ull.es(J.P. Perez-Trujillo). nitrogen, fermentation temperature and yeast strain.
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It is known that the content in higher alcohols is a propanol) in sweet wines has been developed and
factor conditioning wine quality [3]. Amounts higher applied to real samples.

21than 400–500 mg l imply defects in the aroma [4].
For the above reasons and due to the possibility of

being analysed by direct injection the enological
2 . Experimental

laboratories have a high demand for analyses of
these compounds in wines.

2 .1. Material and reagentsThe recommended method of analysis of these
compounds in wines and distillates [5] uses GC with

The following compounds were studied (CASpacked columns. However capillary columns have
number in parentheses): ethyl acetate [141-78-6],also been used to analyse the major compounds
2-methyl-1-butanol [137-32-6], 3-methyl-1-butanolwines [6] because they show much better resolution
[125-51-3] from Aldrich (Steinheim, Germany, andand a shorter analytical time, although their load
Milwaukee, WI, USA), methanol [67-56-1], 2-capacity is lower than that of packed columns.
butanol [78-92-2], 1-propanol [71-23-8], isobutanolWhen sweet wines are analysed by direct in-
[78-83-1], 1-butanol [71-36-3] from Fluka (Buchs,jection, due to their high content in sugar and to the
Switzerland). 4-Methyl-2-pentanol [108-11-2], 2,3-high temperature in the injector and in the column,
butanodione [431-03-8] from Fluka (Buchs) and 2-the caramelization of sugars is possible, causing
methyl-3-buten-2-ol [115-18-4] from Aldrich, wereirreversible damage to the column, especially capil-
used as internal standards (I.S.s). Sodium chloridelary columns. Additionally, the injection of wine
[7647-14-5] was used to control ionic strengthsamples produces a large amount of particles that can
(analytical-reagent grade; Merck, Darmstadt, Ger-plug column tips causing variation in carrier fluxes
many). Absolute ethanol (analytical reagent grade;and peak shapes. In these cases the solid-phase
Merck) [64-17-5] and Milli-Q water (Millipore,microextraction (SPME) technique is a better alter-
Bedford, MA, USA) were used as solvents.native for column protection.

A standard solution containing ethyl acetate (1.32In relation to other extraction techniques used in
21 21g l ) and methanol (4 g l ) was prepared in 13%wine analysis (liquid- and solid-phase extraction,

ethanol–water and stored at 58C. This solution ofpurge and trap, etc.) the SPME offers many advan-
very volatile compounds was remade weekly. Atages because it does not require solvent or any

21standard solution of 2-butanol (0.55 g l ), 1-pro-sample treatment. Moreover it is fast, inexpensive,
21 21panol (0.55 g l ), isobutanol (0.88 g l ), 1-butanolrequires low sample volumes and can be easily

21 21(0.66 g l ), 2-methyl-1-butanol (1.10 g l ) andautomated [7].
213-methyl-1-butanol (3.3 g l ) was prepared andThis technique has successfully been used in wine

stored in the same way. A standard solution ofsamples. Thus several authors have studied the
internal standards was prepared in ethanol containingaromatic profile of different varietal wines [8–12].

214-methyl-2-pentanol (1.6 g l ), 2-methyl-3-buten-2-Other studies deal with a single compound such as
21 21ol (28.8 g l ) and 2,3-butanodione (56.0 g l ). Adiacetyl [13], ethyl carbamate [14],trans-resveratrol

21[15], methyl isothiocyanate [16], oxadiaxon [17], concentrated synthetic wine solution of 11 g l of
2,4,6-trichloroanisol [18,19], or compounds from the L-(1)-tartaric acid [87-69-4] (analytical-reagent
same chemical family such as terpenes [20–23], grade; Merck), 13% ethanol, and sodium hydroxide
esters [24], alkylmethoxypyrazines [25,26], sulfurs [1310-73-2] (analytical-reagent grade; Panreac, Bar-
[27–31], triazoles [32], ethylphenols [33], etc., or celona, Spain) to reach pH 3.4 was prepared. In some
compounds from different chemical families [34– cases saccharose [57-50-1] (analytical-reagent grade;
37]. Panreac) was used to reproduce a standard sweet

In this work, a new method to determine major white wine.
compounds such as ethyl acetate, methanol, and Class A volumetric flasks, Gilson pipetmans regu-
different higher alcohols (1-butanol, 2-butanol, 2- larly verified for precision and accuracy, a precision
methyl-1-butanol, 3-methyl-1-butanol, isobutanol, 1- balance (Sartorius BP 210-S), a pH meter (WTW,
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pH 197-S) and a mechanical shaker (Selecta, solution in tartaric acid, 13% (v/v) ethanol, pH 3.4,
Rotabit) were used to prepare solutions. and the following standard concentrations: ethyl

21 21acetate, 165 mg l ; methanol, 500 mg l ; 2-
21 212 .2. SPME fibres butanol, 68.75 mg l ; 1-propanol, 68.75 mg l ;

21 21isobutanol, 110 mg l ; 1-butanol, 82.5 mg l ;
21The fibres used (Supelco, Bellefonte, PA, USA) 2-methyl-1-butanol, 137.5 mg l ; 3-methyl-1-

21 21were coated with different stationary phases and butanol, 412.5 mg l ; 2,3-butanodione, 350 mg l ;
21various film thicknesses: polydimethylsiloxane 100 2-methyl-3-buten-2-ol, 180 mg l and 4-methyl-2-

21
mm (PDMS-100), polydimethylsiloxane 7mm pentanol, 10 mg l . The vial was tightly capped
(PDMS-7), polydimethylsiloxane–divinylbenzene with a PTFE-lined cap and then shaken for 10 min at
65mm (PDMS–DVB), polyacrylate 85mm (PA) and 200 rpm. The fibre was exposed in the headspace for
Carbowax–divinylbenzene 65mm (CW–DVB). 20 min with solution shaking and then transferred to
They were conditioned before use by inserting them the injector to be desorbed (2508C, 2 min).
into the GC injector under the following conditions: All studies were made at room temperature
PDMS-100, 2508C for 1 h; PDMS-7, 3208C for 3 h; (2261 8C) in triplicate and average values calcu-
PDMS–DVB, 2608C for 0.5 h; CW–DVB, 2508C, lated.
for 0.5 h; and PA, 3008C for 2 h.

2 .5. Determination in real samples using direct
2 .3. Chromatography injection procedure

The analyses were carried out on a 3400 GC gas To validate the SPME procedure, the concen-
chromatograph equipped with an 8200 Standalone tration of real samples of sweet wines from the
autosampler, a 1077 split /splitless injector and a Canary Islands were determined by direct injection
flame ionization detection (FID) system (Varian, of 3ml of sample using 4-methyl-2-pentanol as
Walnut Creek, CA, USA). The injection was made in internal standard and a packed Carbowax 1500
the split mode with a 1/20 split ratio, using a liner of column (15% Chromosorb 80–100 mesh, 4 m31/8
0.75 mm I.D. which improved the GC resolution. in.) (1 in.52.54 cm).
The temperature of the detector was 3008C and it

21was fed with 30 ml min of hydrogen, 300 ml
21 21min of synthetic air and 30 ml min of nitrogen 3 . Results and discussion

as make-up gas.
The separations were performed using a CP Wax Since the final aim of this work is to determine the

57 CB Chrompack capillary column (50 m30.25 analytes in sweet wines, which can have a high
21mm I.D., 0.20mm film thickness) with an injector content (up to 200 g l ) in sugars, working in direct

temperature of 2508C (valid for all the fibres) and an immersion mode leads to a rapid degradation of the
oven temperature programme of 508C (4 min), 88C surface of the fibre. To avoid this effect, all the

21min , 1808C (5 min). The carrier gas was helium studies were performed in headspace sampling mode.
with a column-head pressure of 20 p.s.i. (1 p.s.i.5 Fig. 1 shows the chromatograms of a synthetic
6894.76 Pa). wine with all the compounds and three real samples

of wines where a good separation and resolution
2 .4. Solid-phase microextraction procedure among the different peaks can be seen.

Peak identification was accomplished by com-
Optimisation solutions of the extraction process parison of the retention times with the standards in

were prepared taking 4 ml of the concentrated the synthetic wine sample.
synthetic wine solution and 2.3 g of sodium chloride The optimization of thermal desorption has an
were added to a 16-ml vial, followed by 1 ml of both important influence on precision, sensitivity, reten-
analyte standard solutions, 50ml of internal standard tion time and peak shape [38]. We tested the type of

21solution, ethanol and water to give a 5.5 g l injection (split /splitless), desorption time (0.5–5
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Fig. 1. Chromatogram of a synthetic wine (a) and three sweet wines (b, c, d). 15Ethyl acetate; 25methanol; 352,3-butanodione;
452-butanol; 552-methyl-3-buten-2-ol; 651-propanol, 75isobutanol, 851-butanol; 954-methyl-2-pentanol; 1052-methyl-1-butanol; 115
3-methyl-1-butanol.

min) and temperature (100–3408C) for each fibre in headspace mode. The results obtained are presented
the injector. The desorption of the analytes was in Fig. 2. As can be observed, with the exception of
completed and peak shape corrected using the split ethyl acetate, the higher peak areas were obtained
mode (1:20), 2508C as injector temperature and with the CW–DVB, hence this fibre was selected for
2 min as desorption time, for all the fibres. further studies.

To select the best fibre, they were exposed for In order to optimize the absorption process the
45 min to the optimization solution (Section 2.4) in factors that influence the extraction equilibria such as

Fig. 2. Extraction profile obtained with different fibres for all the analytes.
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extraction time, agitation, sample volume, vial vol-
ume, sugar content and ionic strength were consid-
ered. Although the optimisation of temperature is not
possible in an 8200 SPME autosampler according to
several authors [36,39] the absorption of this type of
compounds showed a significant decrease with the
increase in temperature. Thus working at room
temperature (2261 8C), as in our case, will provide
better responses than working at high temperature.

Fig. 3 shows the influence of the extraction time
(0–60 min) for every compound using the CW–DVB
fibre. The study was performed in 16-ml vials, 13%
ethanol, saturated in NaCl, 1:1 phase ratio, with fibre
in headspace and stirring. As can be seen, after 5 minFig. 4. Variation of peak area as a function of sample volume.

Ethyl acetate values appear multiplied by 5.the increase in peak areas changed very little for
most of the compounds, reaching the highest ex-
traction between 10 and 20 min. Subsequent analyses It is known that phase ratio can affect extraction
were therefore performed using a 20-min exposure efficiency [23,38]. Using 16-ml vials we tested 4, 6,
time. 8 and 10 ml of sample volume (phase ratio53.0; 1.7;

A study of stirring vs. static sampling was per- 1.0 and 0.6, respectively) at the same concentration
formed and results showed very similar or slightly of analytes, with stirring and 20-min extraction time.
higher peak areas for all the compounds using The results obtained showed that the peak areas of
stirring mode. Thus, this technique was selected for the different compounds remain constant over the
further studies. entire volume range (Fig. 4). This behaviour can be

Fig. 3. Extraction curves for the analytes. Absolute peak areas in logarithmic scale.
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Fig. 5. Comparison of extraction using 2-ml and 16-ml vials.
Methanol and 1-propanol values appear multiplied by 10.

explained due to the high concentration of analytes,
which readily saturate the vapor phase even for low
sample volume.

Two types of vials for automatic SPME, 2 and
16 ml, are commercially available. To test the
influence of the vial size we also tested the 2-ml vial,

Fig. 6. Variation of extraction performance with NaCl concen-
under the same conditions. The study was performed tration.
by triplicate with 1.5 phase ratio because the 2-ml
vial did not allow sample volume higher than 0.8

To ascertain if sugar can affect the extraction ofwithout causing partial fibre immersion. The results
volatile compounds an extraction study varying theobtained (Fig. 5) showed that a similar amount of all

21saccharose content (0–200 g l ) in the syntheticcompounds was extracted in both vials. However the
wine was performed. As can be seen in Fig. 7, the16-ml vials showed a tendency for a lower RSD than
extraction of the analytes is not affected by sacchar-the 2-ml vial, Table 1. Thus, the 16-ml vial was
ose content. This means that the headspace mi-selected for further studies.
croextraction technique could be applied to sweetThe influence of the sodium chloride concentration
wines without interference of the significant amountsin the solution (from 0% to saturation) on the
of sugar present in these wines.extraction was studied. With the exception of metha-

After water, ethanol is the second most importantnol, which remained nearly constant, all peak areas
component of wine and like other volatile com-increased with the amount of salt (Fig. 6), attaining
pounds is also extracted in the fibre. Thus it isplateaus when the solution was saturated. Thus, 2.3 g
important to take the ethanol content into accountof sodium chloride was added per 16-ml vial.
when quantitative analysis is performed
[18,24,27,40]. A study of extraction as a function of

Table 1
ethanol content 9–15% (v/v), the range of ethanolRSD (%) for extraction with 2-ml and 16-ml vials
for wines, was carried out. Fig. 8 shows that the

Compound 16 ml 2 ml
absolute areas for all analytes and internal standards

Ethyl acetate 3.56 3.84 were independent of the alcoholic concentration.
Methanol 4.03 5.11 The calibrated solutions were prepared in 16-ml
2-Butanol 1.55 2.09

vials, 13% ethanol, 1:1 phase rate, saturated in NaCl,1-Propanol 1.48 2.00
stirring, fibre in headspace and 20 min extractionIsobutanol 1.63 2.16

1-Butanol 1.33 1.81 time. The concentration ranges were selected accord-
2-Methyl-1-butanol 0.80 1.89 ing to the concentration of these compounds in wines
3-Methyl-1-butanol 0.88 1.61 and three internal standards, 4-methyl-2-pentanol,
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Table 2
Results of pairedt-test for selected internal standard and the
assigned internal standard for 16 wine samples

Compound t calculated Internal standard

Ethyl acetate 1.7846 2-Methyl-3-buten-2-ol
Methanol 1.4373 2,3-Butanodione
2-Butanol 0.3859 4-Methyl-2-pentanol
1-Propanol 0.3943 2-Methyl-3-buten-2-ol
Isobutanol 1.7406 4-Methyl-2-pentanol
1-Butanol 1.6781 4-Methyl-2-pentanol
2-Methyl-1-butanol 0.4654 4-Methyl-2-pentanol
3-Methyl-1-butanol 0.6032 4-Methyl-2-pentanol

Critical t value52.26.

ethanol that may interfere in the extraction
[12,23,41] of the analytes. These real samples were

21fortified with 4 mg l of 1-butanol and 2-butanol
because Canary Island wines showed very low
concentrations of these compounds. Likewise, this

Fig. 7. Extraction profile of analytes with sugar content variation. comparative study permitted us to select the best
Ethyl acetate values appear multiplied by 5. internal standard for each analyte in the SPME

procedure.
2,3-butanodione and 2-methyl-3-buten-2-ol, were To test the concordance between both methods a
tested. pairedt-test of the concentrations obtained was

Sixteen real samples of sweet wines from the performed using the three internal standards in
Canary Islands were analysed using the optimised SPME procedure. Results obtained for each com-
SPME procedure and the direct injection method in pound and the internal standard selected are pre-
order to validate the SPME procedure because wine sented in Table 2. It can be seen for all the analytes
samples contain compounds other than sugars and that the calculatedt-value is lower than critical value

Fig. 8. Variation of peak area for all the analytes and internal standards with ethanol content. 3-Methyl-1-butanol values appear divided by
4.
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Table 3 than 0.996. The repeatability was estimated by the
Limits of detection (LODs), range of concentrations, correlation relative standard deviation (RSD) of the area relative
coefficient (r) and relative standard deviations (RSDs) of six

to the selected internal standard for six consecutivereplicates
solutions. All the values obtained were lower than

Compound LOD Concentration r RSD 6% ranging from 3.4% for 2-butanol to 5.6% for21 21(mg l ) range (mg l ) (%)
methanol.

Min. Max. In the Canary Islands, sweet wines are produced in
Ethyl acetate 9.6 16.4 171.2 0.9987 5.0 two different ways, one as naturally sweet wines,
Methanol 10.8 50.3 525.0 0.9998 5.6 with overmatured grapes, without the addition of
2-Butanol 1.9 8.0 80.4 0.9997 3.4 alcohol or sugar, while others are elaborated as
1-Propanol 6.1 6.3 63.2 0.9961 3.5

fortified wines, with partial fermentation and sub-Isobutanol 2.5 11.4 114.5 0.9998 3.7
sequent addition of alcohol. There are significant1-Butanol 1.5 7.3 73.1 0.9998 4.2

2-Methyl-1-butanol 3.0 14.4 144.0 0.9998 5.5 differences in prices between the two types of wines,
3-Methyl-1-butanol 4.2 41.3 413.7 0.9999 4.9 the naturally sweet wines being considerably more

expensive. Hence, the interest in characterising them
to avoid possible fraud.

The optimised SPME procedure has been applied
of t (2.26), so the null hypothesis is retained, which to 15 samples of naturally sweet wines and 36
means that there is no statistically significant differ- samples of fortified sweet wines. The mean values
ence between both techniques and thus the SPME and standard deviation for each analyte and type of
procedure can be used to determine these analytes in wine are presented in Table 4. None of the wines
real samples of sweet wines. presented 1-butanol and 2-butanol in detectable

The range of concentrations studied, limit of amounts. As can be seen, the naturally sweet wines
detection, coefficient of regression and repeatability presented a higher content in all the analytes since
for every compound are presented in Table 3. Limits this type of wines has a longer alcoholic fermen-
of detection were determined as three times the noise tation than fortified wines, which only undergo
of six blank injections. The obtained values ranged partial fermentation.

21 21from 1.5 mg l for 1-butanol to 10.8 mg l for When a principal component analysis (PCA) is
methanol. A linear regression analysis of relative applied to the entire set of samples using the
peak areas referred to the respective internal standard determined variables, two main components are
versus the analyte concentration was performed. The obtained with an eigenvalue higher than 1, that
application of lack of fit test showed that theF-ratio explain 84.5% of the total variance of the system. If
calculated was not significant for all compounds. The these two first principal components are plotted, Fig.
values of the correlation coefficients (r) were higher 9, a clear differentiation is observed between the

Table 4
21Mean, standard deviation (SD) and range of concentrations found in different Canary Island sweet wines (mg l )

Compound Naturally sweet (n515) Fortified (n536)

Mean SD Min. Max. Mean SD Min. Max.

Ethyl acetate 156.7 33.9 115.8 225.5 65.1 37.2 10.2 138.5
Methanol 103.6 30.3 62.3 158.4 47.1 23.7 0.0 108.5
Propanol 30.1 8.9 20.0 46.2 16.2 7.0 0.0 36.6
Isobutanol 55.6 18.4 30.6 85.7 20.4 11.5 0.0 44.4
2-Methyl-1-butanol 40.2 12.1 19.9 56 20.4 11.7 0.1 46.9
3-Methyl-1-butanol 186.8 57.3 111.4 289.5 110 59.2 0.0 224.5
Amylic alcohols 227.1 68.3 131.3 344.7 130.4 70.5 0.1 270.5
Higher alcohols 312.8 74.3 187.6 421.9 167.1 86.4 0.6 341.0
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Fig. 9. Scores of the sweet wine samples on axes representing the first two principal components.

samples, in accord with the elaboration procedure financial support. J.J.R.B. acknowledges a Ph.D.
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